Sexual differentiation of brain and behavior is largely a hormonally driven process occurring perinatally in rodents and prenatally in primates. Considered early life programming, this process occurs at a time when the brain is remarkably immature and often does not manifest until reproductive maturity, raising the question of how brief hormonal exposure early in life could have such an enduring effect. Epigenetic modifications that occur early and persist into adulthood is one feasible explanation. Sufficient evidence exists to confirm that there are indeed epigenetic changes to specific brain regions induced by steroid hormones in males to differentiate them from females, but whether they persist into adulthood is unclear. Regardless, there are strong correlations between early epigenetic changes and adult brain and behavior. Moreover, although generally referred to as a permanent process, there is evidence that adult sex-typic behaviors are malleable and even reversible in mammals under certain conditions and these may be a function of epigenetic maintenance of gene expression that impacts behavior. Any discussion of sex differences in brain and behavior is best begun with caveats. Most of what we know about the biological origins and mechanistic basis for sex differences in the brain comes from animal models, and most of those are laboratory rats and mice. These are good models in that they are mammals, but they are bad models for the inability to incorporate the enormous influences of culture, experience, societal expectations and gender bias that are an undeniable component of human brain development. They are also a bad model for all of the other ways in which reproductive physiology and behavior is manifest in the animal kingdom, such as hermaphroditic worms, parthenogenic lizards, sex changing fish and temperature-driven sex determination in some reptiles. That being said, the focus on rats and mice has given us substantial depth in our understanding of how and when sex differences occur in the brain, albeit at the expense of breadth.
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Any discussion of sex differences in brain and behavior is best begun with caveats. Most of what we know about the biological origins and mechanistic basis for sex differences in the brain comes from animal models, and most of those are laboratory rats and mice. These are good models in that they are mammals, but they are bad models for the inability to incorporate the enormous influences of culture, experience, societal expectations and gender bias that are an undeniable component of human brain development. They are also a bad model for all of the other ways in which reproductive physiology and behavior is manifest in the animal kingdom, such as hermaphroditic worms, parthenogenic lizards, sex changing fish and temperature-driven sex determination in some reptiles. That being said, the focus on rats and mice has given us substantial depth in our understanding of how and when sex differences occur in the brain, albeit at the expense of breadth.
In the majority of species and all mammals, sex is binomial, either male or female. It is also a direct by-product of sex chromosome complement. In mammals the Sry gene of the Y chromosome codes for a testis-determining factor that directs a gene expression cascade leading to differentiation of the gonadal anlage into testis. All subsequent male typical body characteristics are driven by the ensuing hormonal milieu which is initiated in the earliest stages of fetal development. The developing brain is likewise exposed to the hormonal profile established by the fetal testis and thereby programmed in a manner that supports both the reproductive physiology of the male and the requisite behaviors needed for reproductive success. By yoking the differentiation of the brain and the body to the gonads, nature has assured that brain reproductive phenotype matches body reproductive phenotype (see for review Ref.
[1]).
Stated more factually, in males gamete production is ongoing, requiring continuous but pulsatile release of luteinizing hormone (LH) from the pituitary, which is directly controlled by the brain. Males also need to seek out, recognize and mate with females. These essential behaviors may additionaly require territory defense and/ or direct male-to-male competition. Conversely, in females gameteogenesis is complete while still a fetus, and as an adult she must shed only a limited number of mature ova into the uterus on a cyclic basis. This requires a surge of LH from the pituitary and thereby distinct neuronal control from that seen in the male. Females must also recognize and mate with males, prepare an environment suitable for birthing, followed by active nursing and defensive protection of newborns. We tend to take all of this for granted in large part because it is so enormously invariant. Imagine a scenario in which a recently parturient female put her energy into territory defense and attacking other males instead of nurturing and protecting her offspring. Equally devastating would be a male attempting to nurse newborns and ward off all others in a misguided attempt at protection. But this never happens. We might see instances where females neglect or even mistreat their offspring, but it is not
